To evaluate wound healing in rats by using low-level laser therapy (LLLT) associated with hydrocolloid occlusive dressing.
Introduction
The research of new technologies for the treatment of wounds facilitates the provision of patient care, decreasing length of stay, hospital costs as well as the aesthetic aspects of healing [1] [2] [3] . One of the latest technologies is the low-level laser, which has characteristics to induce cell proliferation, increase the ATP synthesis, increase tensile strength of scar tissue and promoting the reduction of pain and trauma during dressing change [4] [5] [6] [7] [8] . There are currently promising research aiming to substantiate the benefits of laser therapy as well as the occlusive dressing in moist environment in the systemic healing process of a wound 4, 6, 7, 9, 10 . Thus the present study evaluated the effects of low-level laser associated with the hydrocolloid dressing on wound tissue repair in rats, by assessing the diameter of the wound and the histological analysis of healing.
Methods
The project was evaluated and approved by the Comite de Ética e Experimentação Animal do Centro de Ciências Agrárias da Universidade Estadual do Maranhão (UEMA) (Ethics and Animal Experimentation Committee of the Center for Agricultural Sciences, State University of Maranhão -UEMA), protocol nº 007/2009. The study followed the guidelines for animal research as set out by the Brazilian College of Animal Experimentation (COBEA). The study was conducted at the Laboratório da Liga Acadêmica de Cirurgia Experimental do Maranhão (LACEMA) (Experimental Surgery Laboratory of the Academic League of Maranhão -LACEMA).
The sample consisted of 40 male Wistar rats (Rattus norvegicus albinus, Rodentia mammalia), supplied by the UFMA vivarium. It was between 80 and 90 days old (83 days mean age). The weight was between 192g and 270g (250g mean weight). They were kept in groups of five per standard cage for the species where the light-dark cycle was 12 hours and humidity was the same as a normal environment without any artificial regulation. The temperature was constant at 20 ± 2ºC. The animals were fed on standard commercial food and had free access to water throughout the experiment.
The animals were randomly divided into four groups of ten (10) rats:
1. Laser therapy group (LG) used single daily application of 50J/cm² (2J) of irradiation to the lesion; 2. Hydrocolloid Group (HG) used hydrocolloid occlusive dressing 2cm² larger than the lesion; 3. Laser therapy with hydrocolloid group (LHG) used single application of 50J/cm² (2J) of daily laser irradiation punctually to the lesion and was occluded with hydrocolloid occlusive dressing 2 cm² larger than the lesion; 4. Control group (CG) used irrigation with 1 mL of 0.9% saline. These groups were redistributed into two subgroups of five animals and denominated subgroup LG3 and LG7, HG3 and HG7, LHG3 and LHG7 and CG3 and CG7 according to the days of death (3rd and 7th postoperative days), respectively.
Epilation in the dorsal region in a 4-cm² area was performed after anesthesia. The skin was marked at the area center with metal "punch" of 0.7 mm diameter and a fragment was removed approaching to the dorsal muscle fascia.
The low-level laser therapy system used in tissue repair was a model of MM OPTICS LTD, pen type, powered by electrical voltage, emission of diode low-level laser in visible spectrum (660nm), with output power of 40mW and Ø 0.04cm2. During laser application, safety glasses with special deposition lens to attenuation of visible laser light and energy density of 50J/cm² (2J) were used.
The hydrocolloid occlusive dressing used was composed of carboxymethylcellulose absorbent particles, encapsulated in an elastic and adhesive synthetic dough of polyurethane, flexible, permeable to oxygen and moisture vapor. (Figure 2 ). Each animal was subjected to anesthesia with 2% xylazine hydrochloride (5mg/ kg MI) (Kensol ® ) and 5% ketamine hydrochloride (22mg/kg, IM) (Vetanarcol ® ) combined in the same syringe. The animals were submitted to daily clinical assessment and observed regarding the acceptance of food, surgical wound and death. In those animals in which hydrocolloid dressings with and without application of low-level laser (LLLT) were used, exchanges were performed every 12 hours to maintain the dressing attached to the lesions for 24 hours, the other groups without occlusive dressing underwent daily application of the corresponding treatment to each group. The wound was daily measured in the major and minor axis with disposable millimetric ruler.
The animals were killed by a lethal dose of 2% xylazine (20mg/kg, IM) and 5% ketamine hydrochloride (30mg/kg, IM) in the predetermined days of death for each subgroup. The removed surgical parts were preserved in 10% formalin and stained with hematoxylin-eosin (HE) for full evaluation of tissue sections, and Masson's Trichrome (MT), to evaluate findings of existing collagen fibers at sites of interstitial fibrosis.
For data analysis of the wound size the analysis of variance (ANOVA) was used, followed by the Tukey test. For the analysis of the histological variables results nonparametric Kruskal Wallis test was used, followed by Dunn's test. The level of significance was set at p<0.05.
Results
There was no significant difference in the average size of the wounds among the groups of three days. However there was a statistically significant difference among the groups of seven days treated with saline only (CG), which showed the smallest area compared to the other groups. The mean diameter of the wound in LG and LHG groups was lower than in HG group (Table 1 and Figure 1 ). The results showed there was no significant difference among the groups of three days regarding the acute inflammatory process. However, LG and HG groups of seven days showed chronic inflammatory process different from the CG and LHG of seven days, which showed acute processes ( Table 2) .
Capillary neoformation was discreet in LG3, LHG3, HG3 groups, except for the CG3 group where it was absent. However in the LG7 group it was discreet and in the other groups (CG7, LHG7, HG7), moderate ( There was no significant variation among the groups regarding the proliferation of fibroblasts. It was discreet in the groups of three days and moderate in the groups of seven days (Table 2) .
Reepithelization occurred partially in CG group of three days and was absent in the other groups (LG3, LHG3, HG3).
However on the seventh day it was complete in HG and CG groups, being partial in the other groups of this period (LG7, LHG7).
The LHG group of three days shows a slight collagen formation (Figure 1 ), unlike the other groups, which were absent in this aspect. However pronounced collagen formation was observed in LG group of seven days, being it discreet in the other groups (Figures 2 to 4) . 
Discussion
The healing suffered interference next to the wound boundaries when hydrocolloid dressing was used, since this adhesive pulled the animal skin during the exchange, which occurred twice a day; thus, configuring the finding of higher wound size for the HG group and lower for the other groups (CG,
LG. LHG). The LHG and LG groups kept the same average size, suggesting possible effect of LLLT on the elements of wound contraction.
Studies using LLLT showed no similarities due to changes in methodology due to differences in implemented radiation 7 .
Study on wounds that have undergone laser radiation shows they become less edematous, suggesting anti-inflammatory effect by LLLT; however, anti-inflammatory action in groups treated with laser was not demonstrated in this study. It was observed that the animals that received laser application associated or not with the hydrocolloid dressings were more calm, suggesting an analgesic effect of the therapy 11 .
Regarding the anti-inflammatory effects of the laser, the interference in the synthesis of prostaglandins is emphasized, so the LLLT used can produce analgesia 10, 12 .
The The complete re-epithelialization evidenced by microscopic evaluation in HG and CG was not macroscopically observed in the study period. It is necessary an analysis on a longer period of time, culminating in the remodeling phase of the wound and visualization of the epidermis formation.
Most studies on laser action in tissue repair were performed in animal models. However, the same findings reported in studies in vitro and in animals are suggested by studies in humans 9, 14 .
Analysis of the healing process of the wounds occurring in rats using lasertherapy in association with hydrocolloid
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The indication of topical therapy of lesions with occlusive dressing to keep the humidity has proven and established action in the scientific context, as it keeps the ideal moisture and temperature for the promotion of mitotic cells action, analgesia and debridement 8, 15 .
No experimental study associating laser therapy with occlusive dressing to keep the wound environment moist like hydrocolloid was observed in the literature. Thus, further research is needed to analyze and better understand the effectiveness of both in the wound healing process.
Conclusion
Low-level laser therapy as well as the hydrocolloid dressing have favored the wound-healing process in rats.
